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Abstract This paper explores the outcomes of the first year of the implementation of
a mathematics program (Representations, oral language and engagement in
Mathematics: RoleM) which is framed upon research relating to effectively support-
ing young Indigenous students’ learning. The sample comprised 230 Indigenous
students (average age 5.76 years) from 15 schools located across Queensland. The
pre-test and post-test results from purposely developed language and mathematics
tests indicate that young Indigenous Australian students are very capable learners of
mathematics. The results of a multiple regression analysis denoted that their ability to
ascertain the structure of patterns and to understand mathematical language were both
strong predictors of their success in mathematics, with the latter making the larger
contribution.
Keywords Indigenous education . Earlyyearsmathematics .Oral language .Patterning .
Structure
Young Australian Indigenous students are very capable mathematical learners
(Warren and deVries 2009) as indicated by the results of our pilot study. This study
drew from and adapted relevant western ways of learning mathematics. It endeav-
oured to situate these findings in local settings where Indigenous cultural practices
were recognised and respected, with the aim of impregnating western ways of
learning with other culturally appropriate ways of thinking mathematically. The
results of this pilot study begin to delineate the actions that best assisted young
students’ engagement with mathematics. Briefly, these were (i) a focus on an oral
language approach to learning mathematics, (ii) purposeful teaching episodes aimed
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at gaining an understanding of particular mathematics concepts, and (iii) an under-
standing of mathematics relating to pattern and structure. This paper reports on the
results of the first year of a large longitudinal study Representations, oral language
and engagement in Mathematics (RoleM). Its particular focus is to further explore the
findings of the pilot study and to examine in more depth actions that positively
support young Australian Indigenous students’ engagement in western mathematics.
Indigenous students and Western mathematics
Indigenous Australian students’ cultural backgrounds and home environments are
very diverse. In some states of Australia, such as Western Australia and the Northern
Territory, there are many isolated traditional communities that still speak their own
language and have their own distinct culture. Other communities in remote locations
have been created by physically corralling different tribes with their different lan-
guages into reserves. This has resulted in the diminishing of each group’s own
language, and in some instances these languages have been completely lost. The
common language they now use is a form of Aboriginal English. This latter group is
prevalent in Queensland. Finally, many groups have also been dispersed through rural
towns and cities.
A common thread in the literature is that many of these students enter school with
a vast array of understanding of mathematics but have little knowledge of western
mathematics. In the 1980s the most influential research in mathematics education
occurred within isolated traditional communities from Western Australia and the
Northern territory (e.g., Christie and Harris 1985; Harris 1991; Graham 1988).
Many of the findings have been used to inform the directions that mathematics
education has taken with regard to teaching and learning of all Australian
Indigenous students. Harris (1991) found that Aboriginal students from the desert
areas of the Northern Territory have a “superior ability in visual imagery” (p.48.),
possess “different concepts of time and different habits of using time” (p.53.), and
have a language that does not have terms for concepts such as “length” and “time”.
Willis (2000) in a small study conducted in Western Australia claimed that many
young Indigenous students possess a superior ability to subitise as they enter school.
We contest that while this research is very valuable, caution must be taken in over-
generalising the findings as being applicable to all Indigenous students (Warren et al.
2009). The main issue is ensuring that as Indigenous students engage in western
mathematics, their own Indigenous culture is strengthened (Graham 1988).
Juxtaposed against an acknowledgement that young Australian Indigenous stu-
dents enter school with their own cultural understanding of mathematics, there is the
view that these students need to engage with western mathematics. In recent times the
call to effectively engage in both Indigenous and non-Indigenous knowledges has
become increasingly stronger (Nakata 2007; Pearson 2009; Sarra 2011; Yunkaporta
and McGinty 2009). Understanding the knowledges and practices associated with the
western world has “long been recognised as the path to effectively negotiating our
position in changing order which is otherwise outside our control” (Nakata 2007,
p9.). Thus, while western mathematics is not the only mathematical system, it is
important for Indigenous Australian students to participate with this mathematics for
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two reasons. First, it is an empowering process acting as a tool to identify power
differences among socioeconomic classes (Gutstein 2003), and, second, being innu-
merate can be profoundly disabling in every sphere of life including home, work, and
professional pursuits (Orrill 2001). However, engaging in western knowledges to
overcome a subordinate position brings the risk of submerging and erasing those
elements of other knowledges and ways of being that define other distinct groups
(Nakata 2007). Therefore, it is also important to recognise that Australian Indigenous
students enter school with intuitive knowledge about mathematics, and this knowl-
edge may be different from the knowledge of non-Indigenous students.
Background
Representations, oral language and engagement in Mathematics (RoleM), a 4-year
longitudinal study, is concerned with closing the educational gap in numeracy for
young Australian Indigenous students. It is focused on students in the first 4 years of
schooling (preparatory/foundation to Year 3). Underpinning the project is the devel-
opment of students’ understanding of mathematical representations and the language
of mathematics. This is supported by the development of mathematical learning tasks
that assist students’ engagement with mathematical concepts. The pedagogy under-
pinning these tasks draws on research relating to how Indigenous Australian students
best learn (e.g., Frigo et al. 2004). The RoleM project recognises that Closing the Gap
(Council of Australian Governments 2009) is a complex process involving the
effective participation of many stakeholders. Therefore, collaboration between the
school, local communities, parents, teachers, students, and Indigenous education
workers is seen to be crucial to success.
The schools involved with RoleM are considered to be at the highest level of
education risk in the Australian context. In these schools the mean score for Year
3 students across the participating schools for the 2010 Numeracy component of
the National Assessment Program Literacy and Numeracy (NAPLAN) test was
296. This score is 80 points below the Queensland mean score and 100 below
the National score for the Australian Year 3 student cohort. The commonality
that binds these schools is that they all have large Indigenous student enrolments
with most schools being classified as fully Indigenous. The locations of the
schools range from metropolitan/provincial to remote and very remote geograph-
ical locations in Queensland.
For the vast majority of students in these schools their first language is not
Standard Australian English (SAE). In the Northern Territory context, many remote
Indigenous students enter school with at least two languages, neither of which is SAE
(Jorgensen 2011). However, historically Queensland has had a policy of relocating
Indigenous people from dispersed communities and placing them in specific geo-
graphical locations. Thus the Indigenous students in Queensland tend to speak
Aboriginal English (AE), the name given to dialects of English spoken by
Aboriginal people throughout Australia. They have much in common with other
dialects of Australian English, but there are distinctively different features in terms of
accent, grammar, words, and meanings, as well as language use. Aboriginal English
features often show continuities with traditional Aboriginal languages. In many ways
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Aboriginal English is a powerful vehicle for the expression of Aboriginal identity
(Eades 1995).
Very few teachers arrive in these communities prepared for the cultural and
language differences that exist within the classroom. Quite often new teachers are
underprepared to teach within these diverse communities as neither pre-service
education nor the education employing authority has provided suitable professional
learning (Mills and Gale 2003). Due to geographical location and social and culture
isolation, living in rural and remote Indigenous communities can place enormous
strains on teachers (Hewitson 2007; Osborne 2003; Sharplin 2008). The average time
teachers stay in these locations is approximately 2 years (Heslop 2003). There is
commonly no tradition of pedagogical wisdom for them to draw upon, and regular
access to quality professional development programs to guide them is not often
forthcoming. Due to these deficiencies, many teachers in these diverse contexts tend
to adopt deficit models of teaching (Munns et al. 2008). A common feature of these
models is the assumption that Indigenous students come to school with little knowl-
edge of mathematics and as a consequence teachers can have low expectations for
their students. These low expectations also impact on the types of experiences
teachers provide in the classroom. The data from this paper come from the initial
year of the RoleM project. The participants were the preparatory and Year 1 teachers
and their students.
Theoretical framework
RoleM is concerned with the development of mathematics activities that lead to
successful learning of young Australian Indigenous students. Thus the theoretical
framework which guided its development was derived from research relating to the
following three main discipline areas.
1. Mathematics as patterns and structure;
2. Mathematics and oral language; and
3. Theories of how young Australian Indigenous students learn.
Mathematics as patterns and structure
Structure is defined as the “identification of general properties which are instantiated
in particular situations as relationships between elements” (Mason et al. 2009, p.10).
The development of mathematical structure is essential to all learners. The ability to
see the structure of a mathematical concept brings about a relational understanding of
the concept. This relational understanding can facilitate other mathematical concepts
as there is a transfer of knowledge across concepts. At its purest, mathematical
structure is commonly expressed in the form of a generality. However, before
students can reach a generalisation they must see the structure. It has been highlighted
that students who attend to seeing the underlying structures and engage with struc-
tural thinking have deeper experiences in mathematics (Mason et al. 2009). This
perspective of mathematics is presented in the literature as “cultural free.” For
example, Gerdes (1994) and Ascher (1991) state that while ethnomathematics is the
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mathematics that is implicit in cultural practices, its mathematical dimension lies in
the patterns and structures that can be manipulated and discussed in the abstract.
Some examples within ethnomathematics are kinship systems (White 1974), or
weaving patterns of the Maori (Barton 1996). This form of thinking can be supported
by the exploration of patterns within the early years of schooling.
Mathematical pattern has been described as “any predictable regularity, usually
involving spatial, numerical or logical relationships” (Mulligan and Mitchelmore
2009, p34). In the early years pattern and structure are often initially experienced
as sorting and classifying activities. This then progresses to activities involving
repeating patterns, experiences usually involving kinaesthetic movement, space,
concrete manipulatives, pictures, and numbers. A repeating pattern is defined as a
pattern in which there is a discernible unit of repeat—a cyclical structure that can be
generated by the repeated application of a smaller portion of the pattern that can range
in levels of complexity (Liljedahl 2004; Zazkis and Liljedahl 2002). A common
repeating pattern is ABABAB with the AB being the discernible unit of repeat.
Within this type of pattern it is essential to see the particular of the pattern, that is,
the unit of repeat, so as to assist with the bridging of knowledge in both algebra and
generalisation (Zazkis and Liljedahl 2002). Thus from a conceptual point of a view, it
appears as if it is much more important to identify the repeating unit (the structure of
the pattern) than to be able to create complex repeating patterns. These experiences
give students the opportunity to identify and describe similarities and differences in
objects. Abstracting patterns is the basis of structural knowledge, the goal of math-
ematics learning (Warren 2005). This form of abstract thinking is a sophisticated
process in which patterning can assist to build an understanding of the relationships
within and between mathematical concepts.
The ability to pattern in the early years of schooling has been shown to impact on
students’ later mathematical achievement (Papic 2007). Research has highlighted that
young students are capable of recognising the mathematical structure of a range of
patterning contexts including repeating patterns, growing patterns, and functions
(Blanton and Kaput 2004; Cooper and Warren 2011). In addition, Papic (2007) found
that 1 year after students had engaged in an intervention focusing on creating and
interpreting a range of mathematical patterns, these young students where achieving
at higher levels in mathematics when compared to students who had not engaged with
these experiences. It is conjectured that the early patterning experiences helped these
students to engage in “seeing the structure of mathematics,” and that students
experiencing difficulty in learning mathematics do not always recognise pattern and
structure (Mulligan et al. 2005).
Mathematics and an oral language approach
In the early years of schooling, while there is emphasis placed on grasping the
beginning concepts in mathematics, equal importance needs to be placed on the oral
language of mathematics. An oral language approach is more than simply commu-
nicating orally. While an oral language approach entails speaking and listening, it also
encompasses comprehending what is being said, understanding the vocabulary being
used, and applying this to mathematical contexts. While the importance of language
development as a foundation for literacy has been widely acknowledged (Aldridge
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2005), it is also foundational to mathematics (Krause et al. 2010). With regard to
literacy, it has been widely acknowledged that the restricted oral language of children
negatively impacts on their learning of literacy. For example, lack of phonological
knowledge for reading accuracy, poor oral language knowledge for comprehension,
and poor semantic-pragmatic knowledge for the discipline all impact on children’s
ability to effectively engage with reading and writing.
A mathematical register is made up of the semantics and syntax used consistently
to describe mathematical ideas (Roberts 1998). Students need to understand and
negotiate a mathematical register, come to some understanding of its own syntax,
semantics, symbols, vocabulary, and grammar, and reinterpret words in a mathemat-
ical context (Halliday 1979). Knowing the language used to formulate, describe, and
compare mathematical ideas is fundamental to understanding mathematics (e.g.,
Ernest 1999; Laborde 1990). It is believed that one of the main reasons students
experience difficulty in mathematics is in understanding the nuances of the mathe-
matical language. Anghileri (1995) suggests that the close association between the
words describing real contexts and the procedures used to solve problems in these
contexts characterises the early stages of learning arithmetic. In this situation, the
meaning of the words often becomes narrow and precise. In a mathematical context,
oral language is thus characterised further by teachers and students sharing the same
mathematical register and the building of mathematical meanings from experiences.
Furthermore, the “bundling” of oral language and rich mathematical representations
is characterised by movement among and between the representations, with the oral
language being the conduit for the movement. We contend that “good mathematics
teaching” occurs when this bundling is frequent and of a consistent high quality. It is
within this construct that the teacher and the students create a social constructivist
learning environment with oral language being the primary tool for meaning making
(Bikner-Ahsbahs 2006).
When the language of schooling is Standard Australian English (SAE) the math-
ematical register consists of words that come from two primary sources: (i) everyday
English, and (ii) mathematics. The words from everyday English may have the same
meaning when used in the mathematics register (e.g., increase), may have a different
meaning (e.g., table), or may have a subtly different nuance (e.g., between). There are
also words sourced from the discipline of mathematics that seem to only have
meaning in mathematics, such as pronumeral. In order to be positioned to engage
with formal school mathematics, taught and assessed using SAE, students require an
adequate linguistic repertoire (Jorgensen 2011; Meaney et al. 2008), but mathematics
does not exist in a vacuum. Teaching mathematics in Indigenous contexts reaches
well beyond simply focusing on acquiring Standard Australian English (SAE).
The mismatch of home and school language has been shown to disadvantage
Indigenous students’ achievements in western literacy and numeracy in the long term
(Cairney 2003; Dickinson et al. 2006; MCEETYA 2007). While attaining high levels
of proficiency in SAE is viewed as of highest importance (Luke et al. 2002), the use
of language in mathematics is only one of the ways of communicating mathemati-
cally. The difficulty of focusing purely on encouraging students to use their home
language (AE) in the classroom to negotiate mathematical concepts in order to solve
mathematical problems is the lack of home language which has been developed to
articulate western mathematical concepts (Niesche 2009). In addition, addressing the
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unjust ways in which mathematical language contributes to educational disadvantage
is a start for facilitating student mathematical learning and achievement (Jorgensen
2011). Fundamental to this communication is the use of mathematical representations
and concrete materials. As Jones et al. (1995) argue it is not enough to acknowledge
just the cultural and linguistic factors that influence the learning of western mathe-
matics. Such a focus in the mathematics classroom can inappropriately result in a
focus on the use of language rather than on the acquisition of mathematical concepts
(Howard 1997). In addition, there is lack of research on the verbalisation of mathe-
matical concepts in conjunction with the use of representations by Australian
Indigenous students (Warren and Young 2008).
Theories of young Indigenous student learning
Acknowledging the diversity of Indigenous culture and with there being no mono-
lithic sense of Aboriginal pedagogy in the literature, the literature provides a broad
framework to consider as one engages Indigenous students in the learning of math-
ematics. This framework consists of adopting a holistic approach and recognising that
Indigenous students are (a) imaginal learners, (b) contextual learners, (c) kinaesthetic
learners, (d) cooperative learners, and (e) person-orientated learners (Hughes et al.
2004; Nichol 2008; Nichol and Robinson 2000). In summary, this framework:
& Requires holistic understanding of the task: allowing students to discuss a task or
topic before working through its components
& Must be multi-representational: ensuring the task incorporates a high usage of visual
images, symbols, diagrams that are used both separately and simultaneously
& Must be multi-model: incorporating learning strategies that include a rich range of
ways to communicate, for example, physical activity, gestures, language, sound,
texture, manipulating concrete materials, graphics and computer generated images
& Involves group work: encouraging collaboration with and support from peers
throughout the implementation of the task
& Requires teacher as modeller: emphasising showing and modelling concepts
rather than providing a verbal explanation of concepts, and
& Requires teacher as relational: building strong positive relationship with the
students.
In addition, for mathematics the findings from research suggest that teaching
strategies include:
& Learning pathways: the provision of a gradual progression along a learning path,
with the teacher first modelling what is required, followed by small-group work
and finally attempting on an individual basis
& Integrated experiences: involving listening, reading, writing, recording, and
speaking about concepts to enhance transference of skills
& Focused teaching: using direct or explicit teaching in conjunction with modelling
and giving clear explanations of experiences and setting high expectations
& Building language: encouraging students to move between home language,
mathematical language, and SAE as they communicate their mathematical learn-
ing, and
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& Making connections: making connections within mathematics and with the home
and the community.
(Frigo and Simpson 1999; Warren et al. 2009).
These theories informed the framework that guided the development of materials
and the mathematics program that occurred over the first 12 months of RoleM with
preparatory and Year 1 students.
Research questions
In summary, studies have shown that young students, prior to formal schooling, can
develop complex patterning skills (Papic 2007; Warren and Miller 2010).
Additionally, early mathematics achievement has been associated with development
and awareness of pattern and structure (Mulligan and Mitchelmore 2009), and it has
been found that intervention programs that focus on patterning and structure posi-
tively impact on students’ later achievement in mathematics (Papic 2007). However,
we conjecture that for Australian Indigenous students in the Queensland context, it is
more than this. The role of an oral language approach and in particular the use of
mathematical language has an important role to play. Thus for the purpose of this
paper the key research questions are:
1. Does a mathematics program that focuses on exploring mathematical contexts
using a variety of representations, and encouraging an oral language approach
support the mathematical achievement of young Australian Indigenous students
in their first year of school (foundation)?
a. What role does an understanding of the language of mathematics play in
supporting this mathematical achievement?
b. What role does an understanding of patterning play in supporting this
mathematical achievement?
c. Do these roles change across different geographical locations?
Research design
The design was mixed methods (Burns 2000), integrating decolonising, qualitative,
and quantitative methodologies. Decolonising methodology is a key to empowering
outcomes in which the research is focused on benefiting the Indigenous students and
their communities (Smith 1999). In this paradigm the predominant focus of research
is to change the focus away from Indigenous people as the objects of investigation (an
approach that has received extensive criticism in the literature and has been labelled
as western research) to a focus on mutual benefit between the researcher and the
studied Indigenous community (Bishop 1996; Irwin 1994). As a consequence,
researchers are required to think critically about the research processes and outcomes,
ensuring Indigenous peoples’ interests, experience, and knowledge are at the heart of
the research methodologies (Rigney 1999). In this study this was achieved from a
practical perspective by a continual monitoring of the appropriateness of the activities
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for the various contexts, a watchful eye on their effectiveness in terms of Indigenous
student engagement and success, and ongoing dialogue with Indigenous researchers
for their critical feedback on all aspects of the research paradigm. This was ongoing,
occurring at all phases of the project.
The qualitative methodology consisted of a series of collaborative research case
studies (Kemmis and McTaggart 2000) occurring in communities with the aim to
improve mathematics learning of Indigenous students. The cases also focused on the
interaction between teaching actions, Indigenous students’ learning of mathematics,
and community support. This approach enabled different schools at different research
sites to liaise with Indigenous education leaders and therefore take account of local
Indigenous cultural issues and community concerns. The quantitative methodology
involved pre-post testing of the students (Burns 2000). Control groups were not
utilised for two reasons. First, the sample comprised 15 schools from some of the
most disadvantaged schools in Queensland and finding like schools was a challeng-
ing task. Second, from a decolonising methodological perspective the use of control
groups is inappropriate as we already possess some evidence that oral language and
the use of appropriate mathematical representations positively support young
Indigenous students’ learning of mathematics (Warren and deVries 2009). Thus it
would be inappropriate to simply perform pre- and post-testing on Indigenous
students without engaging the students and their teachers in some form of mathemat-
ics program. Due to the particular research questions posed, the main focus of this
paper is on the analysis of the quantitative dimension of the project, the pre- and post-
test data gathered from the participating students.
The professional development strategy
The development of the materials
In all, 35 learning activities were developed and trialled. These activities reflected
aspects of the theoretical framework. For example, they (a) focused on particular
mathematical concepts from the perspective of mathematics as pattern and structure,
(b) delineated the specific language needed to fully explore these concepts, (c)
reflected high-stakes mathematics and were aligned with Australian Mathematics
Curriculum, (d) encompassed a degree of flexibility to cater for learning that was
context specific, (e) encouraged both focused teaching and group work, (f) incorpo-
rated viewing the concepts in a range of representations and with a range of hands-on
materials, and (g) allowed for easy differentiation to cater for a range of differences in
prior learning and multiple entry points.
Implementation of the mathematics program
The model used for the RoleM project is built on the successful Transformative
Teaching Early Years Mathematics (TTEYM) (Warren 2009). The TTEYM model
consists of four key phases, namely, dialoguing with a knowing person (an expert),
collaborating and sharing learning experiences that support student learning, trialling
ideas in the classroom by both the teacher and the knowing person, and collabora-
tively planning for continued student learning. All teachers and Indigenous education
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workers attended three professional development sessions held at the commencement
of the first three terms. At these sessions participants were given the learning
activities together with all the visuals required for their effective implementation
(e.g., concrete materials, graphics, and targeted digital sites). The professional devel-
opment support that occurred throughout the project was based on the view that
teachers have the ability to improve their practice by trialling “proven” effective
learning experiences and through continuous cycles of on-the-job reflections and
discussions with experts from the field (Castle and Aichele 1994).
Development and administration of the diagnostic tests
Two diagnostic tests were developed to assess students’ understanding of key
mathematical concepts as they entered the preparatory (foundation) year. The first
test focused on ascertaining students’ understanding of the many words used in
mathematics. The words chosen for the language test were based on the results of
our past research conducted over a 2-year period. Originally words were selected
from the mathematics dimension of the Boehm Test (Boehm 1971). The Boehm
test of basic concepts is a commercially produced readiness test administered to
students in grades K-2 and evaluates mastery of basic concepts involving quantity,
space, and time. In this test students are presented with three pictures. A typical
item was “Point to the picture where the orange is in the middle of the tray.” Over
a 2-year period adjustments have been made to this test according to the difficul-
ties students experienced with the selected words. The easier words were omitted
from the list of words tested and substituted by words recommended in various
mathematics syllabuses. Thus the bank of 30 questions used in this test consisted
of words with which many students (both Indigenous and non-Indigenous stu-
dents) experience difficulties and words that underpin communicating within
mathematical contexts. Figure 1 presents one item from the language test together
with the instruction that was read aloud to the students.
The second test was a mathematics test. The structure of this test reflected the
format of previous national and state tests (Queensland Year 3, 5, and 7 tests, and the
NAPLAN Numeracy tests). Additionally, it was weighted according to the emphasis
placed on particular mathematical concepts in the Australian Mathematics
Curriculum. In addition, the construction of the test was informed by existing
validated tests. For example, Diagnostic Mathematical Tasks (DMT) (Schleiger and
Gough 2001) and I can do maths (Doig and de Lemos 2000) informed the type and
style of some of the questions. But a mapping of the concepts utilised in published
tests indicated that there were gaps in the mathematical content of these tests and
there was a reliance on students being able to write answers. Thus the decision was
made to develop an original test, RoleMathp. The final mathematics test consisted of
24 questions. There were questions from each strand of mathematics: number and
Look at the butterflies. Two
are alike. Circle them.
Fig. 1 An item from the language test
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algebra (19 questions); measurement and geometry (4 questions); and statistics and
probability (1 question). Four of the number and algebra questions were patterning
questions. Both the language test and mathematics tests were piloted before admin-
istration in the main study and appropriate adjustments made.
The style of the RoleMathp incorporated findings from our past experience in
administering tests to young students. In our previous research (Warren et al. 2008)
one-on-one interviews were utilised to ascertain Indigenous and non-Indigenous
students’ understanding of mathematics. This style of testing proved to be problem-
atic. It was time-consuming and was reliant on the “skills” of the interviewer. The
manner in which the interviewer asked the questions and the gestures and facial cues
they used as they interacted with the students influenced the results. To deal with the
issues of time and reliability a whole-class testing regime was piloted. This proved to
be successful and hence was employed for this research project. Over a 3-year period
this test has been refined so that it is easy to administer and involves minimal writing,
with a proportion of the test relying on students presenting their answers using
stickers; a decision that has proved very effective in ensuring students’ continual
engagement with the test as the questions are asked. The multiple-choice questions
also were constructed so that each choice reflected common misconceptions students
have with regard to mathematical concepts. Figure 2 presents two items from the test
together with typical responses.
Participants
The sample comprised 230 Indigenous Australian students (girls=120, boys=110).
All of these students participated in the first year of RoleM and completed both the
pre and post tests. In Queensland the foundation/preparatory year is a new initiative,
therefore the current Year 1 students have not participated in the program. Both
foundation students’ and Year 1 students’ mathematics was considered to be at a
similar level, and for this reason the sample of students was analysed as a single
cohort. The students were drawn from the foundation/preparatory year (n=124) and
Year 1 (n=106). The average age of students when the pre and post tests were
administered was 5.76 years. The sample was drawn from three different geograph-
ical locations across Queensland: metropolitan/provincial, remote, and very remote
locations. The classification of very remote was allocated according to the available
access to the school. All schools were considered to cater for students at risk. For
most of these students it was their first year at school and certainly their first year of
participating in a program based on the new Australian Mathematics Curriculum. For
Q5. Stick 9 yellow stickers in the
large box. Write the number in the
green circle.
Example of Student Response Example of Student Response
Fig. 2 Two items from the mathematics test with a typical student response
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the purpose of this analysis both cohorts are combined to form one group for each
location. Table 1 summarises the number of Indigenous students and the number of
schools at each type of location.
Administration of the instruments
To ensure consistency in the administration of the test, members of the RoleM
team participated in a test administration training workshop. All tests in all
locations were administered by a member of the team. In addition, each test
was accompanied by a script that delineated exactly what each team member
said as they read out the instructions for each test item. The pre test was
administered at the commencement of Term 1. There was approximately a 9-
month period between the administration of the pre and post test.
Data analysis
The questions on both tests were marked as either correct or incorrect, with a
correct response being allocated a score of 1 and an incorrect response being
allocated a score of 0. The data were then entered into an Excel spreadsheet
where analyses were performed to ensure the accuracy of the data. The data
were then transferred to a statistical package where further statistical analysis
could be conducted.
Results
The results of Levene’s test for homogeneity suggested that the spread of scores
across the three groups for the pre tests were approximately equal (F=1.5, p=.225).
Thus an Analysis of Variance was used to compare the results of the students on the
mathematics test (pre and post tests) and the language test (pre and post tests). Table 2
presents the results for this analysis.
In order to ascertain the difference between the post-test results for the three
locations, Tukey pair-wise comparisons were performed. The results of this test
indicated that the Indigenous students from the metropolitan/provincial schools
scored higher than both their remote and very remote counterparts on the
mathematics post test. For this test there was no significant difference between
remote and very remote students. In addition, the results for the language post
test indicated that the students from both metropolitan/provincial and remote
Table 1 Number of schools and
students at each school location
School location Number of Indigenous
students
Number of
schools
Metropolitan/Provincial 72 6
Remote 62 4
Very remote 96 5
Total 230 15
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schools scored higher than students from very remote schools. There was no
significant difference between the students from metropolitan/provincial schools
and remote schools. Figure 3 presents the mean scores for the pre and post
tests for mathematics and language.
To ascertain if there was any significance difference between the pre- and post-test
results for the three groups of students paired t tests were performed. Table 3
summarises the results of these analyses.
All groups of students at each site showed significant improvement in their
post-test scores for the mathematics and language tests. The values of the effect
size indicated that the program had a large effect on mathematics scores for the
students from remote schools and a very large effect on all other scores for all
three groups (>.50) (Cohen 1988). In addition Hattie (2008) reported that an
effect size of 0.4 is average for all studies and that teachers typically attain an
effect size between 0.2 and 0.4 in a school year. Thus the results of this present
study are not only statistically significant but also educationally significant.
Each word in the language test was allocated a percentage according to
whether the students correctly identified the words. For example, 93 % indi-
cates that 93 % of the students correctly identified the use of this word within
the test item. Table 4 provides insights into the shift of students’ understanding
of mathematical language that occurred over the first year of RoleM.
Table 2 Comparing the students
on the pre and post scores for
mathematics and language
*Significant p<.005
Test F value p value
Mathematics test (pre test) 1.47 .232
Mathematics test (post test) 7.10* .001
Language test (pre test) 2.79 .065
Language test (post test) 7.25* .001
0
5
10
15
20
25
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Remote
Very Remote
Fig. 3 Pre- and post-test mean scores for mathematics and language
Australian Indigenous students’ engagement in mathematics 163
It can be seen in the table above that there was a shift of understanding of
19 words from the pre to the post test. Words that did not shift between the
percentage bands still had growth within the band. For example, though the
word “pair” did not change the percentage bracket the pre-test percentage was
29.6 % and the post-test was 45.7 %.
The relationship between patterning, oral language, and mathematical achievement
In order to analyse the role that students’ ability to pattern had on mathematics
achievement, the data were split into two groups. The focus questions of each
group were: (a) questions that focused on areas of mathematics other than
patterning, termed the general mathematics test (questions 1–20), and (b)
questions that focused on patterning, termed the patterning test (questions 21–
24). The general mathematics test (out of 20) consisted of questions relating to
number (14 questions); measurement and geometry (4 questions); and statistics
and probability (1 question). The patterning test (out of 4) consisted of
Table 3 Comparing the pre and post scores for the mathematics and language tests
Location Test t value p value Effect size
Metropolitan/Provincial (n=72) Mathematics 15.23* .000 .77
Language 7.88* .000 .59
Remote (n=62) Mathematics 6.78* .000 .43
Language 7.95* .000 .51
Very remote (n=96) Mathematics 13.08* .000 .64
Language 9.97* .000 .51
* Significant p<.005
Table 4 Percentage (pre and post test) of students who demonstrated an understanding of particular words
on the language test
Percentage of students
correct
Pretest Posttest words
100 % - 80 % Shortest As long as, backwards, last, most, not
many, shortest, widest.
79 % - 50 % As long as, backwards, end, few,
forward, last, match, most, not
many, row, whole, widest.
Alike, before, beginning, centre, end,
few, forward, least, match, never,
other, part, row, separated, starting,
third, whole.
49 % - 20 % Alike, before, beginning, centre,
an equal, is not equal, fewest,
least, never, other, pair, part, the
same as, separated, starting, third.
An equal, is not equal, fewest, half full,
the same as, pair.
19 % - 0 % Half full
N.B: Italicized text in the post-test words signifies a shift
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questions relating to continuing and completing repeating patterns, identifying
the repeating component, and creating a repeating pattern.
Correlations
As the data for each test were considered continuous, a Pearson correlation analysis
was utilised to ascertain the relationship between the results of the three tests, namely
the patterning test, general mathematics test, and language test. For this analysis
students from all locations were combined to form one group. Only the post-test
results were utilised as the question on which this analysis focused concerned the role
that language and patterning played in supporting students’ general mathematical
achievement as the year progressed. Preliminary analyses were performed to ensure
no violation of the assumptions of normality, linearity and homoscedasticity within
each data set. Table 5 presents a summary of the correlations among the results of the
three tests.
All correlations were statistically significant, indicating a strong relationship
between all three dimensions, with the strongest relationship occurring between the
language and general mathematics tests.
In order to analyse these relationships more closely a standard multiple
regression analysis was performed between mathematics, patterning, and lan-
guage test results. The independent variable was the mathematics pre-test
results, while the dependent variables were the post-test patterning score and
language score. Past research has indicated that one’s ability to pattern is a
predictor of mathematical achievement in the next year of schooling (Papic
2007). Regression analysis aimed to answer the question: Which is the best
predictor of mathematical achievement: patterning or language?
Results of evaluations of assumptions led to transformation of the variables to
reduce skewness, reduce the number of outliers, and to improve the normality,
linearity, and homoscedasity of residuals. With the use of a p<.001 criterion for
Mahalanobis distance, one outlier was found among the cases. This outlier was not
omitted as the sample size was large (230). No cases had missing data and no
suppressor variables were found. The results of the analysis showed that language
and patterning explained 42.8 % of variance in mathematical achievement for the
RoleM general mathematics questions (1–20). Of these two variables, language made
the largest contribution (beta=0.52), although patterning also made a statistically
significant contribution (beta=0.24). In other words, an understanding of mathemat-
ical language was found to be a stronger predictor of success in the general
Table 5 Results of Pearson correlational analysis
General mathematics Patterning Language
General mathematics 1 0.441* 0.614*
Patterning 1 0.378*
Language 1
* Denotes significant at α=0.01
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mathematics test than was the ability to pattern. It must be acknowledged though that
one’s ability to pattern certainly played a role.
Discussion and conclusion
The results from the first year of RoleM confirm the effectiveness of the approach
trialled in our pilot study. By the end of the first year the participating students had
significantly improved in their understanding of mathematics and language. Past
results from a large study conducted across 39 sites across Queensland (involving
132 teachers and their 1,831 students) investigating learning experience and teaching
practices prior to Year 1 found that in their first year of schooling many students made
negative progress in their understanding of basic numeracy (Thorpe et al. 2004).
Given these results, the progress of the young Indigenous students in schools from
some of the most disadvantaged situations in Queensland is very significant. The
differential in improvement between the metropolitan/provincial schools and the
remote and very remote schools mirrors the results for Australian Indigenous students
for the NAPLAN tests and for international test such as TIMMS. The most disad-
vantaged students in Queensland are from these communities. The literature suggests
that the situation of the very remote schools is very complex. Many of the factors that
are impacting on these students are situated within the school community (e.g.,
inexperience of the teachers, lack of curriculum knowledge and appropriate support
structures) and beyond the control of the school community (e.g., isolation, limited
employment opportunities, lack of resources). Nonetheless, the results from the first
year of RoleM clearly show that these students are capable learners in formal
schooling contexts when given the opportunity and an approach that is conducive
to engaging them in the learning process.
As indicated by the results of past research in the area of mathematics, the teachers
themselves are the main catalyst for improving students’ learning of mathematics
(Askew et al. 1997). While reporting on the teacher data is beyond the scope of this
article, in brief the particular dimensions of RoleM that impacted on the teachers and
the pedagogy they utilised with their students were the professional development, the
in-class modelling by members of the RoleM team, and the learning experiences and
materials they were given to use with their students. Changes in pedagogical practices
and their consistent use of oral language were recognised by teachers as having a
corresponding positive impact on students’ engagement and learning. Their reported
changed pedagogical practices included a greater use of hands-on materials, incor-
porating a wide range of learning opportunities that catered for a diverse range of
learning styles, and ensuring that their use of oral language was integrated with
embedding mathematics within mathematical representations. By the end of the year,
teachers were increasingly seeing their own pedagogical practices as instrumental in
improving student learning outcomes, rather than focusing on their students’ lack of
proficiency of SAE as the barrier (Warren et al. 2012).
With regard to research relating to pattern and structure, the results support the
conjecture that there is a clear relationship between one’s ability to pattern and one’s
ability in mathematics (Papic and Mulligan 2007). One of the main constraints of
RoleM was the inability to mirror Papic’s strategy, that is, teaching patterning prior to
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engagement with formal schooling. In RoleM the patterning and mathematics strat-
egies occurred simultaneously. While this was a constraint it also adds to the previous
research in this area, indicating that the importance of patterning as one begins to
learn mathematics. It must also be noted that the patterning dimension did not focus
solely on making patterns but included deconstructing patterns to reveal their struc-
ture. In addition, in the learning activities this structure was mapped onto number
situations and used to illuminate the structure of these contexts, reflecting the
differentiation that exists between structuring and learning about structure (Ellemor-
Collins and Wright 2009). The post-test analysis also revealed that students who
could identify the unit of repeat on the patterning component of the test scored higher
than other students on the general mathematics component of the test. A limitation of
these results is the inability to clearly show that the relationship between these
dimensions is causal. However, the results do confirm the conjecture that students
who can “see the structure of mathematics” experience fewer difficulties in learning
mathematics (Mulligan et al. 2005).
A focus on an oral language approach to teaching western mathematics proved to
be an important dimension of students’ success. This dimension not only engaged
teachers in the implementation of the mathematics learning activities in their class-
room, but also proved be the greatest predictor of students’ success in the general
mathematics dimension of the test. However, it was crucial that this language was
developed in conjunction with modelling mathematical concepts using a variety of
representations. Much of the contextual mathematics that is presently being imple-
mented in the classroom and reflective of the current testing regime is heavily reliant
on students’ understanding the language of mathematics and nuances of how lan-
guage is used in mathematical contexts (Luke 2009; Nichols et al. 2006). Teaching in
these disadvantaged contexts is a demanding role. Oral language acquisition does not
occur naturally (Zhang and Alex 1995). The challenge for teachers and communities
is to develop the mathematical repertoire in a culturally sensitive manner. This is even
more challenging when a particular culture has not labelled a body of knowledge and
skills as “mathematics” and so may not have developed a mathematical register to
describe the mathematics (Meaney et al. 2008). Emphasising the place of oral
language in these classrooms required teachers to actively engage students in learning
processes in which they are given opportunities; to scaffold and encourage students to
communicate mathematical understanding; and to support students as they explored
their own thinking and made schematic connections. Moreover, these experiences
were integrated, involving listening, reasoning, recording, and speaking.
The theories of Indigenous student learning that formed the framework of the
mathematics program strategy adopted by RoleM proved most effective. Teachers in
the schools participated in one-on-one interviews three times throughout the year.
With regard to the students, the predominant themes that emerged from the data were:
The language barrier impacts on students’ learning of western mathematics; there are
high levels of student engagement; students are becoming more confident with
mathematics and using mathematics language; and teachers’ expectations of students’
capability continued to increase as the year progressed. Teachers also shared that their
students were enamoured with the hands-on approach of the project, and in particular
the “acting out” of concepts using kinaesthetic movement proved highly effective
(Warren et al. 2012).
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Thus the results of this research confirm and supplement findings delineated
in the pilot study. They also draw out the importance of an oral language
approach to teaching in these contexts, and in particular ensuring students have
a range of experiences with the language of mathematics, and the mapping of
this language onto AE within contexts that are meaningful for these students. In
addition, the use of a range of different representations during this process is
important. The results also show that a pattern and structure approach to
mathematical learning does assist these students to understand a range of
mathematical concepts. The findings of past research have also shown that
the sustainability of such results in these communities for oncoming cohorts
of students is very difficult. This is a problem we are currently researching as
we complete the second year of the project, that is, what structures and
processes assist teachers (often new to teaching, new to RoleM, and new to
these schools) continue to implement the foundation project without the ongo-
ing support that has been given to the teachers who participated in the first
year of RoleM.
Acknowledgments The research reported in this paper was supported by Australian Research Council
under grant LP100100154, and the Department of Education, Employment and Workplace Relations. The
authors express their thanks to Eva deVries, Antoinette Cole, participating teachers, Indigenous education
officers, students and school communities for their generous support of this project.
References
Aldridge, J. (2005). The importance of oral language. Childhood Education, 81(3), 177–180.
Anghileri, J. (1995). Language, arithmetic and the negotiation of meaning. For the Learning of
Mathematics, 21(3), 10–14.
Ascher, M. (1991). Ethnomathematics: A multicultural view of mathematical ideas. New York: Brooks/
Cole Publishing.
Askew, M., Brown, M., Rhodes, V., William, D., & Johnson, D. (1997). Effective teachers of numeracy.
London: King’s College.
Barton, B. (1996). Making sense of Ethnomathematics: Ethnomathematics is making sense. Educational
Studies in Mathematics, 31(1), 201–233.
Bikner-Ahsbahs, A. (2006). Semiotic sequence analysis: Constructing epistemic types empirically. In J.
Novotna, H. Moraova, M. Kratka, & N. Stehlikova (Eds.), Proceedings of the 30th conference of the
international group for the psychology of mathematics education (pp. 161–168). Prague, Czech
Republic: PME.
Bishop, A. (1996). How should mathematics teaching in modern societies relate to cultural values: Some
preliminary questions. In D. T. Nguyen, T. L. Pham, C. Comiti, D. R. Green, E. Southwell, & J. Izard
(Eds.), Proceedings of the seventh South East Asian conference on mathematics education (pp. 19–24).
Hanoi: Vietnamese Mathematical Society.
Blanton, M., & Kaput, J. (2004). Elementary grades students’ capacity for functional thinking. In M.
Hoines & A. Fuglestad (Eds.), Proceedings of the 28th conference of the international group for
psychology of mathematics education (pp. 135–142). Bergen, Norway: PME.
Boehm, A. E. (1971). Boehm test of basic concepts manual. New York: The Psychological Corporation.
Burns, R. (2000). Introduction to research methods. Frenchs Forest: Pearson Education.
Cairney, T. (2003). Literacy within family life. In N. Hall, J. Larson, & J. Marsh (Eds.), Handbook of early
childhood literacy (pp. 85–98). London: Sage Publications.
Castle, K., & Aichele, D. B. (1994). Professional development and teacher autonomy. In D. B. Aichele &
A. F. Coxford (Eds.), Professional development for teachers of mathematics. Reston, VA: National
Council of Teachers of Mathematics.
168 E. Warren, J. Miller
Christie, M., & Harris, S. (1985). Communication breakdown in the Aboriginal classroom. In J. B. Pride
(Ed.), Cross-cultural encounters: Communication and miscommunication (pp. 81–90). Melbourne:
River Seine Publications.
Cohen, J. W. (1988). Statistical power analysis for the behavioural sciences. Hillsdale, NJ: Lawrence
Erlbaum Associates.
Cooper, T., & Warren, E. (2011). Years 2 to 6 students’ ability to generalise: Models, representations and
theory. In J. Cai & E. Knuth (Eds.), Early algebraization: Volume 2 of advances in mathematics
education (pp. 187–214). Netherlands: Springer.
Council of Australian Governments (2009). National indigenous reform agreement. Retrieved from http://
www.coag.gov.au/coag_meeting_outcomes/2009-07-02/docs/NIRA_closing_the_gap.pdf.
Dickinson, D., McCabe, A., & Essex, M. J. (2006). Awindow of opportunity we must open to all: The case
for preschool with high-quality support for language and literacy. In D. Dickinson & B. Neuman
(Eds.), Handbook of early literacy research: Volume 2 (pp. 11–28). New York: Guilford Press.
Doig, B., & de Lemos, M. (2000). I can do maths. Melbourne: ACER.
Eades, D. (1995). Aboriginal English (Aboriginal literacy resource kit). North Sydney: NSW Board of
Studies.
Ellemor-Collins, D., & Wright, R. (2009). Structuring numbers 1–20: developing facile addition and
subtraction. Mathematics Education Research Journal, 21(2), 50–75.
Ernest, P. (1999). Forms of knowledge in mathematics and mathematics education: philosophical and
rhetorical perspectives. Educational Studies in Mathematics, 38, 67–83.
Frigo, T., & Simpson, L. (1999). Research into the numeracy development of Aboriginal students:
Implications for the NSW K-10 mathematics syllabus. Canberra: New South Wales Board of Studies.
Frigo, T., Corrigan, M., Adams, I., Hughes, P., Stephens, M., & Woods, D. (2004). Supporting English
literacy and numeracy learning for Indigenous students in the early years [Research Monograph].
Camberwell, Victoria: Australian Council for Education Research.
Gerdes, P. (1994). Reflections on ethnomathematics. For the Learning of Mathematics, 14(2), 19–22.
Graham, B. (1988). Mathematical education and Aboriginal children. Educational Studies in Mathematics,
19(2), 119–135.
Gutstein, E. (2003). Mathematics for social justice in an urban Latino school. Journal for Research in
Mathematics Education, 34(1), 37–73.
Halliday, M. (1979). Language as social semiotic: The social interpretation of language and meaning.
London: Edward Arnold Publishing.
Harris, P. (1991). Mathematics in a cultural context: Aboriginal perspectives on space, time and money.
Geelong: Deakin University.
Hattie, J. (2008). Visible learning: A synthesis of over 800 meta-analyses relating to achievement. New
York: Routledge.
Heslop, J. (2003). Living and teaching in Aboriginal communities. In Q. Beresford & G. Partington (Eds.),
Reform and resistance in Aboriginal education (pp. 208–237). Crawley, Western Australia: University
of Western Australia Press.
Hewitson, R. (2007). Climbing the educational mountain: a metaphor for real culture change for Indigenous
students in remote schools. The Australian Journal of Indigenous Education, 36, 6–20.
Howard, P. (1997, November). Aboriginal voices in our schools. Paper presented at the Annual Conference
of the Australian Association for Research in Education, Brisbane, Australia.
Hughes, P., More, A., & Williams, M. (2004). Aboriginal ways of learning. Adelaide: University of South
Australia.
Irwin, K. (1994). Maori research methods and processes: an exploration and discussion. A Journal for
South Pacific Cultural Studies, 28, 25–43.
Jones, K., Kershaw, L., & Sparrow, L. (1995). Aboriginal children learning mathematics. Perth, Western
Australia: MASTEC, Edith Cowan University.
Jorgensen, R. (2011). Language, culture and learning mathematics: A bourdieuian analysis of Indigenous
learning. In C. Wyatt-Smith, J. Elkins, & S. Gunn (Eds.), Multiple perspectives on difficulties in
learning literacy and numeracy (pp. 315–329). Netherlands: Springer.
Kemmis, S., & McTaggart, R. (2000). Participatory action research. In N. K. Denzin & Y. S. Lincoln (Eds.),
Handbook of qualitative research (pp. 567–605). Thousand Oaks, CA: Sage.
Krause, K.-L., Bochner, S., Duchesne, S., & McMaugh, A. (2010). Educational psychology for learning
and teaching. Victoria: Thomson.
Laborde, C. (1990). Language and mathematics. In P. Nesher & J. Kilpatrick (Eds.), Mathematics and
cognition: A research synthesis by the international group for the psychology of mathematics educa-
tion (pp. 53–69). Cambridge: Cambridge University Press.
Australian Indigenous students’ engagement in mathematics 169
Liljedahl, P. (2004). Repeating pattern or number pattern: the distinction is blurred. Focus on Learning
Problems in Mathematics, 26(3), 24–42.
Luke, A. (2009). Education 2010 and new times: Why equity and social justice still matter, but differently.
Paper presented at Education Queensland online conference.
Luke, A., Land, R., Christie, P., & Kolatsis, A. (2002). Standard Australian English and language for
Queensland Aboriginal and Torres Strait Islander students. Brisbane: Queensland Indigenous
Education Consultative Body.
Mason, J., Stephens, M., & Watson, A. (2009). Appreciating structure for all. Mathematics Education
Research Journal, 2(2), 10–32.
Meaney, T., Fairhall, U., & Trinick, T. (2008). The role of language in ethnomathematics. Journal of
Mathematics and Culture, 3(1), 52–65.
Mills, C., & Gale, T. C. (2003). Transient teachers: mixed messages of schooling in regional. Australian
Journal of Research in Rural Education, 18, 145–151.
Ministerial Council on Education, Employment, Training, and Youth Affairs. (2007). National report on
schooling in Australia: Reading, writing and numeracy benchmark results for 2005. Canberra:
MCEETYA.
Mulligan, J., & Mitchelmore, M. (2009). Awareness of pattern and structure in early mathematical
development. Mathematics Education Research Journal, 21(2), 33–49.
Mulligan, J. T., Mitchelmore, M. C., & Prescott, A. (2005). Case studies of children’s development of
structure in early mathematics: A two-year longitudinal study. In H. Chick & J. Vincent (Eds.),
Proceedings of the 29th international conference for the psychology of mathematics education (pp.
1–8). Melbourne: PME.
Munns, G., Martin, A., & Craven, R. (2008). To free the spirit? Motivation and engagement of indigenous
students. Australian Journal of Indigenous Education, 37, 98–107.
Nakata, M. (2007). The cultural interface. Australian Journal of Indigenous Education, 36, 7–14.
Nichol, R. (2008, January). Pedagogical issues affecting Indigenous citizenship and education in Australia
and Melanesia. Paper presented at the Social Educators of Australia Biennial Conference, Making a
difference: Multidimensional citizenship education in a changing world, University of Newcastle.
Nichol, R., & Robinson, J. (2000). Pedagogical challenges in making mathematics relevant for indigenous
Australians. International Journal of Mathematical Education in Science and Technology, 4, 495–504.
Nichols, S., Glass, G., & Berliner, D. (2006). High-stakes testing and student achievement: does account-
ability pressure increase student learning? Education Policy Analysis Archives, 14(1), 1–172.
Niesche, R. (2009). The use of home language in the mathematics classroom. In R. Hunter, B. Bicknell, &
T. Burgess (Eds.), Proceedings of the 32nd annual conference of the mathematics education research
group of Australasia (pp. 704–707). Palmerston North, NZ: MERGA.
Orrill, R. (2001). Mathematic, numeracy and democracy. In L. Steen (Ed.),Mathematics and democracy: A
case for quantitative literacy. Reston, VA: The National Council on Education and the Disciplines.
Osborne, B. (2003). Preparing preservice teachers’ minds, hearts and actions for teaching in remote
Indigenous contexts. Australian Journal of Indigenous Education, 31, 17–24.
Papic, M. (2007). Mathematical patterning in early childhood: An intervention study. Unpublished PhD
thesis, Macquarie University.
Papic, M., & Mulligan, J. T. (2007). The growth of early mathematical patterning: An intervention study. In
J. Watson & K. Beswick (Eds.), Proceedings of the 30th annual conference of the mathematics
education research group of Australasia (pp. 591–600). Hobart: MERGA.
Pearson, N. (2009). Radical hope: education and equality in Australia. Quarterly Essay, 35, 1–106.
Rigney, L. (1999). Internationalization of an Indigenous anticolonial cultural critique of research method-
ologies: a guide to indigenist research methodology and its principles. Wicazo Sa Review, 14(2), 109–
121.
Roberts, T. (1998). Mathematical registers in Aboriginal languages. For the Learning of Mathematics, 18
(1), 10–16.
Sarra, C. (2011). Transforming indigenous education. In N. Purdie, G. Milgate, & H. Bell (Eds.), Two way
teaching and learning: Toward culturally reflective and relevant education (pp. 107–117). Victoria:
ACER Press.
Schleiger, H., & Gough, J. (2001). Diagnostic mathematical tasks. Sydney: UNSW Press.
Sharplin, E.D. (2008). Quality of worklife for rural and remote teachers: Perspectives of novice, interstate
and overseas-qualified teachers. Unpublished doctoral dissertation, The University of Western
Australia.
Smith, L. (1999). Decolonizing methodologies: Research and Indigenous peoples. London: Zed Books.
170 E. Warren, J. Miller
Thorpe, K., Tayler, C., Bridgstock, R., Grieshaber, S., Skoien, P., Dany, S., et al. (2004). Preparing for
school: Report of the Queensland preparing for school trials 2003/4. Brisbane: Queensland University
of Technology.
Warren, E. (2005). Patterns supporting the development of early algebraic thinking. Proceedings of the 28th
annual conference of the Mathematics Education Research Group of Australasia (pp. 759–766).
Melbourne: MERGA.
Warren, E. (2009). Early childhood teachers’ professional learning in early algebraic thinking a model that
supports new knowledge and pedagogy.Mathematics Teacher Education and Development, 10, 30–45.
Warren, E., & deVries, E. (2009). Young Australian Indigenous students’ engagement with numeracy:
actions that assist to bridge the gap. Australian Journal of Education, 53(2), 159–175.
Warren, E., & Miller, J. (2010). Exploring four year old indigenous students’ ability to pattern.
International Research in Early Childhood Education, 1(2), 42–56.
Warren, E., & Young, J. (2008). Oral language, representations and mathematical understanding: Australian
Indigenous students. Australian Journal of Indigenous Education, 37, 130–137.
Warren, E., Young, J., & deVries, E. (2008). The impact of early numeracy engagement on 4 year old
Indigenous students. Australian Journal of Early Childhood Education, 33(4), 2–8.
Warren, E., deVries, E., & Cole, A. (2009). Closing the gap: myths and truths behind subitisation.
Australasian Journal of Early Childhood, 34(4), 46–53.
Warren, E., Quine, J., & DeVries, E. (2012). Supporting teachers’ professional learning at a distance: a
model for change in at-risk contexts. Australian Journal of Teacher Education, 37(6), 11–28.
White, D. (1974). Mathematical anthropology. In J. J. Honigman (Ed.), Handbook of social and cultural
anthropology (pp. 369–446). Chicago: Rand McNally.
Willis, S. (2000, October). Strengthening numeracy: Reducing risk. Paper presented at the Australian
Council of Educational Research Conference, Brisbane.
Yunkaporta, T., & McGinty, S. (2009). Reclaiming Aboriginal place-based worldviews at the interface of
local and non-local knowledge. Australian Education Researcher, 36(2), 55–72.
Zazkis, R., & Liljedahl, P. (2002). Generalization of patterns: the tension between algebraic thinking and
algebraic notation. Educational Studies in Mathematics, 49, 379–402.
Zhang, H., & Alex, N.K. (1995). Oral language development across the curriculum K - 12. Retrieved from
http://www.ed.gov/databases/ERIC_Digests/ed389029.html.
Australian Indigenous students’ engagement in mathematics 171
